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Abstract 

The goal of this study was to understand the molecular event in the brain caused by hanging death (HD). Animals 
were subjected to either cervical dislocation (CD) or HD. Brain was collected at various times (0, 1, 3, 6 and 12 h) 
after death. Brain expression of p53 and Bax, cytochrome c concentration, caspases activity and DNA fragmentation 
were analyzed. Compared to that of CD, HD increased p53 and Bax proteins expressions, cytochrome c 
concentration, caspases activity and DNA fragmentation during the early period (0-6 h) of HD, whereas CD induced 
necrosis 3 h post- CD and thereafter. These data support that HD induces neuronal cell apoptosis, in part, through 
mitochondria-mediated pathways. These data also suggest that neuronal apoptosis could be a potential marker and 
an aid to forensic science of HD. 
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Introduction 

Hanging is one of the most common approaches to 
commit suicide in human (Emet et al. 2010) and gener- 
ates permanent global brain ischemia by involving irre- 
versible stoppage of blood supply to the brain (Akdemir 
and Ergungor 1994; Oechmichen and Meissner 2006; 
Yamasaki et al. 2007). Cessation or severe reduction of 
blood supply to the whole brain deprive brain tissue and 
neuronal cells from required oxygen and nutrients to 
sustain survival and generates global brain ischemia. 
Global brain ischemia induces neuronal cell apoptosis in 
most susceptible areas (Traystman 2003) including den- 
tate gyrus (DG) region of the hippocampus (MacManus 
et al. 1993; Jung and Hong 2004; Lebesgue et al. 2009) 
possibly through the generation of reactive oxygen spe- 
cies (ROS) including hydrogen peroxide (H 2 0 2 ) (Hyslop 
et al. 1995). 
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The overproduction of ROS from mitochondria in- 
duces p53 activation (Yu et al. 1999; Kunimatsu et al. 
2011) and thereby neuronal cell apoptosis (Endo et al. 
2006; Chan 2005). Studies suggest that Bax (a pro- 
apoptotic member of the bcl-2 gene family) is essential 
for p53-induced apoptosis (Xiang et al. 1998). The Bax 
gene contains p53 consensus sequences within its pro- 
moter and transcriptionally regulated by p53 (Miyashita 
et al. 1994; Miyashita and Reed 1995). The translocation 
of p53 to the mitochondria by alterations in the activity 
of Bax induces cytochrome c release to the cytosol of 
neuronal cells after global brain ischemia (Xiang et al. 
1998; Sugawara et al. 1999; Cao et al. 2001; Mihara et al. 
2003; Hong et al. 2010). The increased cytosolic cyto- 
chrome c level initiates apoptotic signals in neuronal 
cells (Endo et al. 2006) but the downstream pathway 
after global brain ischemia remains to be elucidated. 
However, few studies indicate that the cytochrome c 
binds to apoptotic factor- 1 (Apaf-1) leading to the re- 
cruitment and activation of procaspase-9 (Krajewski 
et al. 1999; Mouw et al. 2002; Plesnila 2004). As a result, 
procaspase-9 auto processes and cleaves the procaspase- 
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3 (Namura et al. 1998; Ferrer et al. 2003; Chan 2004). 
The activated procaspase-3 cleaves key structural and 
regulatory proteins and induces morphological apoptotic 
changes in neuronal cells (Namura et al. 1998; Sugawara 
et al. 2002, 2004). 

A possibility exist that similar to global brain ischemia 
induced due to various pathological and/or experimental 
conditions; hanging death (HD) may induce p53 activa- 
tion and neuronal cell apoptosis through mitochondria- 
mediated pathway in DG region of the hippocampus. 
Although HD is one of the major clinically important 
forensic science issues, it is not possible to carry out 
studies about hanging on human subjects for ethical 
reasons. Animal models can be substituted for human 
experimentation (Boghossian et al. 2010). Models of rats 
hanged by the neck with a rope have already been devel- 
oped for the induction of the expression of hypoxia- 
inducible factor -1 (HIF-1), a marker of hypoxia (Zhang 
et al. 2006). We have recently reported that HD induces 
generation of reactive oxygen species (ROS) and neur- 
onal cell apoptosis in the dentate gyrus (DG) region of 
rat brain (Khatun et al. 2013) but the underlying mech- 
anism during HD-induced neuronal cell apoptosis re- 
mains to be elucidated. Hence, present study was aimed 
to find out whether activation of p53 and mitochondria- 
mediated pathway are involved during HD-induced 
neuronal cell apoptosis. For this purpose, permanent 
global brain ischemia was induced by hanging in experi- 
mental rats after anaesthesia. The histology, p53 and 
Bax expressions, cytochrome c concentration, caspase-9 
and caspase-3 activities and DNA fragmentation were 
analysed in neuronal cell of the DG region of rat brain. 

Materials and methods 

Chemicals and animal maintenance 

All chemicals used in the present study were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA), unless 
stated otherwise. Sexually mature male rats (60 days old; 
150 gm ± 5 body weight; bw) of Charles-Foster strain 
were separated from existing colony of departmental 
animal facility and maintained in normal husbandry con- 
ditions with food and water ad libitum. All procedures 
confirmed to the stipulations of the Departmental ani- 
mal ethical committee of Jadavpur University, Jadavpur, 
Kolkata, West Bengal and followed the guidelines for the 
care and use of laboratory animals (NIH Publication). 

Induction of permanent global brain ischemia 

Experimental rats were exposed to anaesthesia to 
minimize the pain and then quickly hanged till death to 
induce permanent global brain ischemia. For this pur- 
pose, rats were exposed to light inhalation anaesthesia 
using anaesthetic grade ether in an air-tight glass jar for 
2 min. The semiconscious rats were removed from the 



glass chamber and then hanged till death. The heart beat 
was felt by gentle keeping the thumb on the chest region 
and stoppage of heart beat was used as criteria to deter- 
mine as 0 h time after death. The average time for HD 
after anaesthesia was 3.0 ± 1.0 min and total 60 rats were 
used to minimise the number of rats used in the present 
study. The rats were left in hanging position at room 
temperature and brain was isolated after various times 
(0,1,2,3,4,5,6,9 and 12 h) of HD to mimic the conditions 
of suicidal cases due to hanging in human. Another 
group of animals (control group) were exposed to light 
inhalation anaesthesia as described above and subjected 
to cervical dislocation (control). The rats were left at 
room temperature and brain was isolated after various 
times as described above for HD group. The brain was 
kept separately in sterile phosphate buffer saline (PBS; 
pH 7.4) solution and then processed for cellular and bio- 
chemical analyses. Based on the biochemical results 
obtained in the present study, we reduced number of 
time points and brain samples collected after 0,1,3,6 and 
12 h of CD and HD were only processed for histology 
and immunohistochemistry. 

Histology of DG region of the hippocampus 

For histology, brain from control and permanent global 
brain ischemia induced due to hanging (0,1,3,6 and 
12 h) was removed and placed in buffered formaldehyde 
(3.7% in 10 mM PBS; pH 7.4) for 24 h, embedded in par- 
affin by the routine method, serially sectioned at 5 um 
thickness, and stained in haematoxylin / eosin for micro- 
scopic observation. Experiment was repeated at least 
three times using brain sample of three independent ani- 
mals for each time point and representative photographs 
at 400X magnification are shown in the result section. 

Immunocytochemistry for p53 

Immunostaining for p53 was carried out using anti- p53 
antibody following company (Santa Cruz Biotechnology 
Inc., CA, USA) manual protocol with some modifica- 
tions. Briefly, sections of paraffin-embedded brain from 
control and permanent global brain ischemia induced 
due to hanging (0, 1, 3, 6 and 12 h) were deparaffinised 
in xyline overnight and then rehydrated with different 
graded ethanol. The slides were washed thrice with 
phosphate buffered saline (PBS) (0.01 M, pH 7.4) and then 
treated with 0.3% H2O2 in absolute methanol for 15 min to 
quench endogenous peroxidase activity. The slides were 
washed twice with PBS and then exposed to PBS 
containing 0.1% Triton X-100 to for permeabilization. 
Slides were then exposed to 100 ul of blocking buffer (0.5% 
BSA, 0.1% tween-20 in 100 ml PBS) at room temperature 
for 1 h and then incubated with an anti-p53 antibody 
(sc-6423; Santa Cruz Biotechnology), followed by SYBR 
green-conjugated anti-rabbit IgG antibody (Santa Cruz 
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Biotechnology Inc., CA, USA) at a dilution of 1:1000 in 
PBS at room temperature for 1 h in a humidified chamber. 
At the end of the incubation period, slides were washed 
three times with PBS then mounted in fluorescence mount- 
ing medium. The mounted slides were photographed using 
Nikon inverted fluorescent microscope (TE-Eclipse 800; 
Tokyo, Japan). The experiment was repeated three times 
using brain sample of three independent animals for each 
time point and a representative photograph is shown in the 
result section. The p53 positive cells were counted stereo- 
logically within the DG region of the hippocampus at 400X 
magnification using brain sample of three independent 
animals. 

Immunocytochemistry for Bax 

Immunostaining for Bax was carried out using anti- Bax 
antibody following company (Santa Cruz Biotechnology 
Inc., CA, USA) manual protocols. In brief, paraffin- 
embedded brain sections from control and permanent 
global brain ischemia induced due to hanging (0, 1, 3, 6 
and 12 h) were treated as described above for the 
immunocytochemistry of p53. Slides were then incu- 
bated with an anti-Bax antibody (sc-6423; Santa Cruz 
Biotechnology), followed by SYBR green-conjugated 
anti-rabbit IgG antibody(Santa Cruz Biotechnology Inc., 
CA, USA) at a dilution of 1:1000 in PBS at room 
temperature for 1 h in a humidified chamber. At the end 
of the incubation period, slides were washed three times 
with PBS then mounted in fluorescence mounting 
medium. The mounted slides were photographed using 
Nikon inverted fluorescent microscope (TE-Eclipse 800; 
Tokyo, Japan). All samples (using brain sample of three 
independent animals for each time point) were run in 
the same assay to avoid inter-assay variation. The Bax 
positive cells were counted stereologically within the DG 
region of the hippocampus at 400X magnification using 
brain sample of three independent animals. 

Quantitative analysis of intracellular cytochrome c 
concentration 

The cytochrome c concentration in brain homogenates 
were analyzed using cytochrome c ELISA kit purchased 
from R&D Systems MN, U.S.A. The brain was isolated 
from control and experimental animals, washed three 
times with PBS and homogenised in 10 ml of hypotonic 
lysis buffer (10 mM Tris-HCl,150 mM NaCl, 5 mM 
EDTA, 1% TritonX-100,0.1% SDS, 1 mM PMSF, 0.28 U 
Apoprotein, pH 8.0). The homogenates were centrifuged 
at 14000 x g at 4°C for 20 min and clear supernatant 
was immediately used for the quantitative estimation of 
cytochrome c by colorimetric assay as per company 
manual protocol. The optical density (OD) was deter- 
mined using a microplate reader (Micro Scan MS5608A, 
ECIL, Hyderabad, India) set at 450 nm. All samples 



(3 independent samples for each time point) were run in 
the same assay to avoid inter- assay variation. 

Caspase activity assays 

The intracellular caspase-3 and caspase-9 activities in 
brain homogenates were analyzed using colorimetric 
assay kits purchased from R&D Systems MN, USA. In 
brief, brain homogenates were prepared as described 
above for the measurement of cytochrome c concentra- 
tion. A clear supernatant was removed from each sample 
and stored at -30°C until assay. Samples were quickly 
thawed and 50 ul of each sample (in triplicate) was 
loaded in 96 microwells plate. The 50 ul of 2X reaction 
buffer (buffer 9 for caspase-9 and buffer 3 for caspase-3 
assay provided with the kit) was added in each well. The 
5 ul of caspase substrate (LEHO-pNA, caspase-9 sub- 
strate; DEVD-pNA, caspase-3 substrate) was added to 
each well and then plates were incubated at 37°C for 
2 h. At the end of incubation period, plates were read at 
405 nm using microplate reader (Micro Scan MS5608A, 
ECIL, Hyderabad, India) for caspase-9 and caspase-3 
activities. All samples (using brain sample of three inde- 
pendent animals for each time point) were run in one 
assay to avoid inter-assay variation and OD values are 
directly used to depict caspase-9 and caspase-3 activities. 

DNA fragmentation analysis 

The DNA fragmentation was assessed by fluorescence 
microscopy using acridine orange/ethidium bromide 
(AO/EB) staining following the published protocol 
(Natesan et al. 2006). Briefly, sections of paraffin- 
embedded brain from control and permanent global 
brain ischemia induced due to hanging (0, 1, 3, 6 and 
12 h) were deparaffinised in xylene overnight and then 
rehydrated with different graded ethanol. The slides 
were washed once with phosphate buffered saline (PBS) 
and then treated with 100 uL of 1:1 mixture of AO/EB 
solutions (4 ug/mL) for 2 min as per the published 
methods (Priyadarsini et al. 2010). The slides were 
washed with PBS and then photographed using Nikon 
inverted fluorescent microscope (TE-Eclipse 800; Tokyo, 
Japan). The viable cells, apoptotic cells and necrotic cells 
were identified depending on their color change due to 
binding of ethidium bromide to fragmented DNA as 
described earlier (Gohel et al. 1999). Normal cells with 
intact DNA had green fluorescence of AO. The extent of 
EB binding to fragmented DNA changes the color from 
green to yellow (for early apoptotic cells), orange color 
(late apoptotic cells) and bright red color (necrotic cell). 
Experiment was repeated three times using brain sample 
of three independent animals for each time point and 
representative photographs are shown in result section. 
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Statistical analyses 

Data are expressed as mean ± S.E. of mean (S.E.M.) of 3 
independent animals. Data were analyzed either by One- 
Way or by Two-Way analysis of variance (ANOVA) 
followed by Tukey test using SPSS software, version 17.5 
(SPSS, Inc. Chicago, IL, USA). A probability of p < 0.001 
was considered to be statistically significant. 

Results 

HD induces morphological features characteristics 
of apoptosis 

As shown in Figure 1, HD induced histological changes 
in DG region of hippocampus. Time-dependent changes 
in the histoarchitecture of the DG region were observed 
in both HD as well as CD groups. Permanent global 
brain ischemia generated due to HD gradually reduced 
total number of neuronal cells, and induced morpho- 
logical apoptotic features such as shrinkage and scatter- 
ing of neuronal cells in the DG region (Figs. HD, 1-12 
H). On the other hand, CD group did not reduce the 
total number of cells but the histoarchitecture of DG re- 
gion was gradually disrupted after 6 h of CD (Figs. CD, 
1-12H). 

HD induces p53 activity 

Figure 2A shows the HD-induced p53 activity in neur- 
onal cells. A time-dependent increased in the number of 
p53 positive cells were observed during initial period of 
HD (Figs. HD, 1-6 H) and then decreased 12 h post- 
HD. In contrast, except few cells (Figs. CD, 3 and 6 H), 
CD did not induce p53 activation as evidenced by p53 



negative staining in neuronal cells at most of the time 
points studied. The quantitative analysis supports our 
results that HD increased number of p53 positive 
cells in a time-dependent manner (One- Way ANOVA; 
Figure 2B). The post hoc analysis (Tukey test) further 
suggests a significant increase of p53 positive neuronal 
cells during early period of HD (1-6 h). 

HD induces Bax protein expression 

Figure 3A shows the HD-induced Bax protein expression 
in neuronal cells. During initial period, HD increased num- 
ber of Bax positive neuronal cells in a time-dependent 
manner (Figs. HD, 1-6 H). The number of Bax positive 
neuronal cells was declined drastically after 6 h post-HD. 
On the other hand, CD did not induce overexpression of 
Bax protein throughout the experimental period (Figs. CD, 
1-6 H). The quantitative analysis supports our results that 
HD increased number of Bax positive cells in a time- 
dependent manner (One- Way ANOVA; Figure 3B). The 
post hoc analysis (Tukey test) further suggests a significant 
increase of Bax positive neuronal cells during early period 
of HD (1-6 h). 

HD increases cytochrome c concentration 

The quantitative analysis of cytochrome c suggest that 
HD significantly (p < 0.001) increased cytochrome c con- 
centration throughout the experimental period (Two- 
Way ANOVA) as compare to CD (Figure 4). Post-hoc 
(Tukey test) analysis further revealed that cytochrome c 
concentration was significantly increased as early as 0 h 
after HD (366 ± 0.577 ng/mg protein) as compare to CD 





Figure 1 Representative photographs showing HD-induced histological changes in DG region of hippocampus. HD induced shrinkage 
and scattering of neuronal cells with gradual decrease in number during early period (Figs. HD, 1-6 H; arrows) as compare to their respective CD 
groups (Figs. CD, 1-6 H). CD induced disruption of histoarchitecture of DG region and increased necrotic changes after 6 h (CD, 12 H). Enlarge 
view of morphological changes in neuronal cells of the same figure (inset). Scale bar = 50 uM. 
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Figure 2 Representative photographs showing HD-induced p53 activity in neuronal cells of the DG region. (A) HD increased number of 
p53 positive cells in a time-dependent manner (Figs. HD, 1-6 H) during initial period (1-6 h) as compared to their respective CD groups (Figs. CD, 
1-6 H). Enlarge view of p53 positive neuronal cells of the same figure (inset). Scale bar = 50 uM. (B) Quantitative analysis of p53 positive neuronal 
cells in DG region. Data are mean ± SEM of three independent experiments and analyzed by One-Way ANOVA followed by Tukey test. "*" Denote 
significantly different at p < 0.05 level. Blue line denote HD, red line denote CD. 
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Figure 3 Representative photographs showing HD-induced Bax protein expression in neuronal cells of the DG region. (A) HD increased 
number of Bax positive cells in a time-dependent manner (Figs. HD, 1-6 H) during initial period (1-6 h) as compared to their respective CD 
groups (Figs. CD, 1-6 H). Enlarge view of Bax positive neuronal cells of the same figure (inset). Scale bar = 50 uM. (B) Quantitative analysis of Bax 
positive neuronal cells in DG region. Data are mean ± SEM of three independent experiments and analyzed by One-Way ANOVA followed by 
Tukey test. "*" Denote significantly different at p < 0.05 level. Blue line denote HD, red line denote CD. 
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Time (h) 

Figure 4 HD increased cytochrome c concentration in brain. Data are mean ± SEM of three independent experiments and analyzed by 
Two-Way ANOVA followed by Tukey test. "*" Denote significantly different at p < 0.05 level. Blue line denote HD, red line denote CD. 



(295 ± 6.06 ng/mg protein) and found maximum after 
5 h of HD (503 ± 1.732 ng/mg protein). Thereafter, cyto- 
chrome c concentration was comparable to CD group. 
On the other hand, cytochrome c concentration did not 
show any significant change in CD group at all the time 
points studied (Figure 4). 

HD increases caspases activity 

As shown in Figure 5, HD significantly (p < 0.001) in- 
creased both caspase-9 (Figure 5A) and as well as 
caspase-3 activities (Two-Way ANOVA) as compared to 
CD (Figure 5B). A time-dependent (One- Way ANOVA) 
increase of caspase-9 and caspase-3 activities were ob- 
served during early period of HD (0-5 h) followed by 
gradual decrease (Figure 5A and B) after 5 h of HD. 
Although caspase-9 activity was comparable to CD 
group after 12 h of HD (Figure 5A), caspase-3 activity 
was still high after 12 h of HD as compare to their 
respective CD groups (Figure 5B). 

HD induces DNA fragmentation 

As shown in Figure 6, HD induced apoptosis in the 
neuronal cells during early period followed by necrosis 
during later stages as evidenced by AO/EB staining. In 
the beginning, neuronal cells of CD as well as HD 
groups did not show any DNA fragmentation as 
evidenced by AO positive staining as a background 
colour fixed neuronal cells of both groups (Figs. CD and 
HD, 0 H). The early apoptotic cells were observed as 
early as 1 h post-HD as evidenced by greenish yellow 
color (Fig. HD 1-3H), which was gradually increased and 
found maximum after 6 h post-HD as evidenced by 



yellowish orange colour fluorescence (Fig. HD 6 H). The 
necrosis were seen only after 12 h post HD as most of 
the neuronal cells showed either orange-red or reddish 
colour fluorescence (Fig. HD,12 H). On the other hand, 
CD induced necrosis as early as 3 h post CD (Fig. CD, 
3 H) and continued till the end of the experimental 
period (Fig. CD, 12 H). 



Discussion 

In this study, we have shown that HD induces p53 
activation and thereby mitochondria-caspase-mediated 
pathway is involved during HD-induced neuronal cell 
apoptosis in DG region of hippocampus. Although hang- 
ing is one of the most common approaches to commit 
suicide in human worldwide (Emet et al. 2010), the 
underlying mechanism during HD-induced neuronal 
cell apoptosis remains to be elucidated. We recently 
reported that HD induces generation of reactive oxygen 
species (ROS) and neuronal cell apoptosis in the DG 
region of rat brain (Khatun et al. 2013). Based on these 
studies, we proposed that the HD-induced generation of 
hydrogen peroxide may trigger neuronal cell apoptosis 
through the activation of p53 and mitochondria- 
mediated pathway. This hypothesis was strengthened by 
the observations of the present study that HD induced 
neuronal cell shrinkage and reduced total number of 
cells present in the DG region during initial experimen- 
tal period (1-6 h). These data further strengthen our 
recent observations that HD induces shrinkage in DG 
region of the hippocampus in rat brain (Khatun et al. 
2013). The similar structural changes in the neuronal 
cells after global brain ischemia produced by other 
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methods have also been reported in several experimental 
animals (Oechmichen and Meissner 2006; Zheng et al. 
2010). 

The permanent global brain ischemia generated either 
by HD or by other methods induces generation of ROS 
and thereby morphological apoptotic changes in neur- 
onal cells of DG region (Hyslop et al. 1995; Khatun et al. 
2013; Chan 2001; Cao et al. 2011). The increased level of 
ROS acts as upstream signal to activate p53 and thereby 
neuronal cell apoptosis (Yu et al. 1999; Chan 2005; Endo 
et al. 2006; Kunimatsu et al. 2011). The p53 plays a cen- 
tral role in induction of apoptosis in wide variety of cells 
including neuronal cells (Endo et al. 2006; Mihara et al. 
2003; Cao et al. 2001; Sugawara et al. 1999; Hong et al. 
2010). Based on these studies, we hypothesize that 
increased level of ROS may induce p53 activity in 



neuronal cells undergoing HD-induced apoptosis. This 
hypothesis is further supported by our results that HD 
increased number of p53 positive neuronal cells during 
early period (1-6 h) as compare to their respective CD 
groups. Although role of p53 during HD-induced neur- 
onal cell apoptosis has not been reported so far, global 
brain ischemia generated by other methods induced p53 
activation and thereby neuronal cell apoptosis (Endo 
et al. 2006). The p53 activation in the cytoplasm may in- 
duce Bax protein expression as well as release of cyto- 
chrome c from mitochondria that initiate apoptotic 
signals in wide variety of cells (Miyashita et al. 1994; 
Selvakumaran et al. 1994; Zhan et al. 1994; Miyashita 
and Reed 1995; Brady et al. 1996; Xiang et al. 1998; 
Taylor et al. 2004; Vempati et al. 2007). In the present 
study, HD increased number of Bax positive neuronal 
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Figure 6 Representative photographs showing HD induced apoptosis/necrosis in neuronal cells of the DG region of hippocampus. 

Initiation of apoptosis was observed after 1 h (Fig. HD, 1 H) as evidenced by greenish yellow color fluorescence, apoptosis after 3 h as evidenced 
by yellowish orange color fluorescence, which was found maximum after 6 h post- HD (Fig. HD, 6H; arrows) followed by necrosis as evidenced 
by orange-red or reddish color fluorescence (Fig. HD, 12 H; arrows). CD induced necrosis as early as 3 h and continued till the end of the 
experimental period (Figs. CD, 3-1 2H) as evidenced by orange-red or reddish color fluorescence. Enlarge view of apoptotic or necrotic changes in 
neuronal cells of the same figure (inset). Scale bar = 50 uM 



cells and cytochrome c concentration in a time-dependent 
manner during initial period (1-6 h) as compare to their 
respective CD groups. Similarly, an increase of cytochrome 
c concentration and neuronal cell apoptosis have been 
reported during global brain ischemia induced by other 
methods (Mouw et al. 2002; Krajewski et al. 1999; Plesnila 
2004). Taken together, these data suggest that HD induced 
p53 activation, overexpression of Bax protein and in- 
creased cytochrome c concentration during HD-induced 
neuronal cell apoptosis. 

The release of cytochrome c from mitochondria acti- 
vates upstream and downstream caspases to induce 
apoptotic cell death. Data of the present study revealed 
that HD induced both caspases-9 and caspases-3 activ- 
ities during initial period of HD (1-6 h) as compared to 
their respective CD groups and then activity declined to 
basal level after 12 h of HD. These data further recon- 
firm our recent observations that HD increased caspases 
activity and thereby neuronal cell apoptosis (Gohel et al. 
1999). Although substrates for caspases-7 and caspases- 
3 are not entirely specific and have some similar affinity, 
we analysed caspases-9 and caspase-3 activities in the 
present study. Caspase-3 is responsible for destruction 
of structural and specific proteins that leads to DNA 
damage and apoptotic cell death (Teschendorf et al. 
2008; Han et al. 2011). 

The DNA fragmentation in multiples of 180-200 
base-pair is a hallmark feature of apoptosis and can be 
detected on the basis of color changes using nucleic 
acid-binding dye mix of AO/EB (Priyadarsini et al. 2010) 



in a fixed cell (Natesan et al. 2006). Normal cells with in- 
tact DNA show green fluorescence of AO. The extent of 
EB binding to fragmented DNA changes the color from 
green to yellow (for early apoptotic cells), orange (late 
apoptotic cells) and bright red color indicate necrotic 
cells (Gohel et al. 1999; Natesan et al. 2006; Priyadarsini 
et al. 2010). Data of the present study suggest that HD 
induced neuronal cell apoptosis during initial period of 
HD (1-6 H) as evidenced by yellow or yellowish orange 
color fluorescence in most of the neuronal cells in DG 
region. On the other hand, CD induced necrosis in neur- 
onal cells as early as 3 h and continued till the end of 
experimental period (12 h post-CD). These data recon- 
firms our recent observations that the HD induces neur- 
onal cell apoptosis in DG region of the rat brain 
(Khatun et al. 2013). Similarly, global brain ischemia 
produced by other methods has been reported to induce 
DNA fragmentation (MacManus et al. 1993; Han et al. 
2011; Sharma and Gupta 2007). 

Conclusion 

Data of present study suggest that HD induced p53 acti- 
vation and thereby Bax protein expression during initial 
period (1-6 h) of HD. The over expression of Bax might 
have modulated mitochondria membrane potential and 
thereby cytochrome c release. A rise of cytochrome c 
concentration was associated with increased caspases 
activity and thereby DNA fragmentation, while CD in- 
duced necrosis in neuronal cells. These data suggest 
that p53 activation and thereby mitochondria-caspase 
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-mediated pathway are involved during HD-induced 
neuronal cell apoptosis. Further studies are required 
using clinical samples to develop a cellular marker for 
the identification of exact timing of HD to address such 
clinically important forensic science issue. 
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